became secretary and technical assistant to Professor Paul Trendelenburg, a pharmacologist and at that time a family friend to whom Edith later became a research assistant. She left Germany for Holland in 1933 and worked at, among others, The Netherlands Cancer Institute in Amsterdam, and in the Pathology Department in Rotterdam. After her retirement she joined Edith in Oxford. She died in 1988 of a cerebral tumour, which had been diagnosed in 1943. Until the last her distinguished features remained impressive. Maud (1902) combined beauty with charm and was a fine pianist. She was a German language student. She studied philology and Dutch and as she and Edith were closer in age, they entered university together in Bonn. In 1930 she published a thesis 'Zur Vorgeschichte der mittelniederlandischen E pik'. Until 1936 she was able to keep her position at the University of Cologne. She then joined Edith in England, where she obtained an appointment at the German Language Department of Cambridge University. At the end of the War she entered a United Nations relief organization where she could apply her linguistic and her personal skills to the utmost. Her premature death in 1960 was a severe shock to Edith, who much relied on her when she was in low spirits. The house in Northmoor Road, Oxford, was built in the expectation that the three sisters would live together; Maud the middle sister seems to have bridged more than the age gap between Edith and the oldest sister Lucie and her loss was to be felt in later years.
Family finances declined sharply after her father's death in 1917, a decline exacerbated by the hyper-inflation of the post-war years. Her mother's family, bankers in The Hague, set up bank accounts for the three surviving children which provided a modest income that sustained Edith through her medical training and beyond. Her first salary seems to have been when she moved to Jena as a paediatrician in 1931.
Her Childhood
Edith was the youngest of four children who were cared for by their mother with the assistance of one of the three maids of the household. The two oldest children, Hans and Lucie, were close, whereas Edith and her elder sister, Maud, usually played together. Edith's family life was happy. She hated the fact, however, that she was the youngest and the smallest of the family, which she considered as handicaps she could never overcome. She also suffered from a slight squint and it is not clear why she was not operated upon when she was still a girl. She had strong personal ties with grandmother Bulbring, who was living in their home. During World War I, grandmother Biilbring with her rural background advised the family on growing fruit and vegetables in the garden and on raising rabbits and chickens. Edith carefully kept a notebook on these activities in which she said how she regretted the need to slaughter animals, of which she was fond.
According to the details of her career which were appended to her first publication (1928)* she began her formal education in Easter 1910, when she was six years old, at the Klostermann Lyzeum. There she continued for some ten years until, when 16 years old, she left as this school did not provide education up to a level required for university entrance.
FIGURE 1. Edith with grandmother Bulbring in 1914 (top left). Edith in 1917 in The Hague (top right). Edith and her sister Maud skiing about 1932 (bottom left). Edith in 1929 (bottom right). Photographs by courtesy of Dr W. Hijmans.
At school she received high marks, but only 'sufficient' for art-history; this is explained by her antipathy towards her arts teacher. Her first school report mentions that she should become more modest. A poem is preserved, which was written in 1918 and which described the characteristics o f her class mates of which three bore the name Edith.
Die erste Edith Bulbring heisst
Und mit klugen Fragen um sich schmeisst; Der Reichstag liegt ihr sehr am Herzen Und das abgelehnte Wahlrecht verursacht ihr Schmerzen.
The first is called Edith Bulbring Who throws out clever questions;
The Reichstag is near to her heart And the rejection o f votes for women caused her much anguish. (In 1918 , while the German emperor was still in power, the Reichstag voted against the right of women to vote. In the same year, after his abdication, the German Republic introduced this right.) According to her own account, school between the age of 10 and 14 was very much interrupted during the period [1914] [1915] [1916] [1917] [1918] by the effects of the War; both her parents' house and her school which she attended with Maud and Lucie, being frequently invaded by billeted or wounded soldiers from the War, or by refugees. After leaving the Klostermann Lyzeum at Easter 1920 when 16 years old, Edith received some private tuition for a period along with her sister Maud. Edith entered in Easter 1922 the upper sixth form of the Bonn Gymnasium, studying chemistry, physics and mathematics to prepare for her municipal examinations, which she passed at Easter 1923 and which entitled her to enter a university.
It seems that Edith was the most talented of the trio of sisters and was introduced to the piano at about six years old by her mother who both sang and played the piano. Edith came to love music. Her favourite composer was Mozart. She showed a remarkable talent for the piano but she had small hands and never could play without music. This may explain why she did not pursue these activities professionally. Her interest in music and piano playing was encouraged by two close friends of her parents, Professor and Mrs Laura Meissner, who were very musical. Around ten years old, Edith became accustomed to playing duets with Professor Meissner who was much older than her and a Professor of German in Bonn. Her most enjoyable memories of this period were playing piano duets with him, and this activity continued for several years. His wife was forced to care for her parents in Vienna and he was a regular Sunday visitor to the Bulbring house especially after Edith's father died in 1917. Meissner put her through a rigorous musical education, developing her considerable talents as a pianist, and introduced her to a large range of orchestral and operatic music. He would bring different scores each day, and they played the different instrument parts on the piano, and sang the male and female parts of the operatic scores. It is clear that Meissner was an important influence on Edith, not only did he introduce her to the works of composers which were to give her so much pleasure for the rest of her life, and develop her skills in sight reading, but it is likely that he engaged her heart as well. Edith became exceedingly proficient at the piano and it was a matter for some surprise, and considerable chagrin for Professor Meissner, that she ultimately decided to study medicine, rather than music, at university.
University
She entered Bonn University in the summer of 1923 studying physiology for the first semester in the expectation that she would eventually read medicine. She was taught by Hoffmann and later by Ebbecke, which kindled her interest in physiology; later she said 'I was fired for physiology'. She seems to have registered for medicine at the beginning of the second semester (there were two in the German academic year) and studied botany, zoology, chemistry, physics, anatomy and physiology. These subjects were those of the preclinical examinations in medicine (die arztliche Vorpriifung) which she passed in July 1925, after which she immediately entered the clinical course. Her clinical training was spent in Munich (one year), Freiburg (six months) and Bonn (one year). She took her final medical examinations (das medizinische Staatsexamen) in May 1928, aged 24.
It seems that Edith's preclinical training was in Bonn, until 1925, and that she lived at home with her mother and Maud during this period when she was between 18 and 21. Edith had frequent holidays. Particularly noteworthy are those spent with family friends, historians in Utrecht, where, because of her acquired enthusiasm for histology, she spend two periods working in the laboratory of Boeke, a well-known anatomist. The techniques she learnt formed the basis for the work of her first publication and her doctorate in medicine. She also spent time with an uncle of hers who was a professor of medicine in Groningen working in the hospital. In the autumn of 1925, after the preclinical examinations, Edith and Maud moved together to Munich taking a room. This seems to have been the beginning of her independence from her family (she was 21). She spent a year in Munich, after which she and Maud went their separate ways, Edith to Freiburg and Maud to Amsterdam. Munich was a second high-point in Edith's life: she had a degree of independence from the family and the privation of war-time and of the post-war years were behind her. Nearby lived the family of the Professor of German in Munich who had been a friend of her father. The family had three children, two boys and a girl. With Edith and Maud the group of youngsters spent time skiing in the winter and walking in the mountains in the summer. Edith later said 'Munich was like paradise'.
Edith chose Munich for her clinical studies because of the reputation of Friedrich von Muller who was Professor of Internal Medicine. While in Munich with Maud for a year she did internal medicine, paediatrics and surgery. Next she went to Freiburg (in 1926) attracted by the reputation of the Pathological Anatomist, Aschoff, who unfortunately proved to be a disappointment for her. However, she was able to listen to Paul Trendelenburg who was then in Freiburg. He was a pharmacologist, although much orientated towards physiology, and a great admirer of Henry Dale. Edith found his lectures as stimulating as von Muller's. Also, Paul Trendelenburg was a friend of her family. It seems she stayed in a room in the Department of Pharmacology which was used by day as a photographic darkroom and periodically invaded by Trendelenburg's children. One of these was the young Ulli (Ullrich) Trendelenburg, very much later to become Professor of Pharmacology at the University of Wurzburg. Despite the presence of Paul Trendelenburg, Edith stayed only one semester in Freiburg and returned in 1927 for her final year to Bonn.
During her final year in Bonn, Edith worked under the supervision of Professor Ceelen who was a pathological anatomist. She was at that time in her own words 'fascinated by histology* and had learnt the technique of staining nerve fibres from Boeke in Utrecht when she had twice visited there in 1924-25. This technique she applied to the cells of phaeochromocytoma, showing that they also pushed out nerve fibres. This dissertation formed part of her submission for her doctorate of medicine at the University of Bonn. It was written up as her first publication, submitted on 3 May 1928, and published as volume 268 of Virchows Archiv.
After her finals Edith moved to Berlin to become a house physician for a year in Westend Krankenhaus (a hospital). Following this she spent about two years with Paul Trendelenburg who had now moved to Berlin as Professor of Pharmacology. Trendelenburg had written persuading her to join him as a pharmacologist rather than wasting her talents as a physician. On her first day in his laboratory she met Marthe Vogt (who later also became a Fellow of the Royal Society) had also recently arrived; they became lifelong friends and both later moved separately to England. Working with Paul Trendelenburg at that time were Kuschinsky, Roll, Krayer and Gremels who had worked with Starling in London and from whom Edith learnt the dog heart-lung preparation. Gremels and Krayer occupied salaried positions, all other staff (including Edith) were unpaid assistants ('Volontarassistent'). During this time in Berlin, Edith was supported by her bank account and finances provided by her uncles in The Hague.
While in Germany Edith published three papers on which, remarkably for that time given her junior position, she was sole author. Her first (1928) has been mentioned. Her second (1930) and third (1931) were written in the Pharmacological Institute of Berlin University. They were on quite different subjects. One described the actions of substances on the perfused frog heart: these included two new drugs cardiazol (pentetrazol) and coramin (nikethamide) as well as strophanthin, camphor, caffeine, theobromine, and lobeline. The other concerned the relation between the parathyroids, calcium exchange and bone growth. While in Trendelenburg's laboratory, Edith was required to demonstrate the perfused frog heart in which inflow and outflow resistance could be controlled, during one of Trendelenburg's lectures. Trendelenburg believed that watching her would be very distracting for the audience, so Edith was required to perform the experiment behind a screen in such a way that a shadow of the working perfused heart was projected onto the screen for all to see. Edith had to perform the demonstration many times, and later, in Oxford, introduced the frog perfused heart as a student practical. She became very proficient with the preparation which was used for her studies of drug action described in her second scientific publication.
While Edith was in Berlin, Paul Trendelenburg unfortunately died of tuberculosis. This was undoubtedly something of a blow to lose her mentor in this way. She became undecided whether she was creative enough to make pharmacology her career without his support. These doubts were so strong that in 1931 she took a post as a paediatrician in Jena. Her superior here was Ibrahim, a paediatrician of some standing. She was there for a year before returning in 1932 to the infectious disease unit in the Virchow Krankenhaus in Berlin. Here she worked as clinical research assistant to the immunologist Ulrich Friedemann where she began work perhaps on 1 January 1933. At that time the Nazi party and Hitler were becoming very active in Germany although initially Edith did not take their agitations very seriously.
Also it should be remembered that although her mother was Jewish, Biilbring was an old German name. However, after Hitler became chancellor the situation gave her cause for concern, especially because she was required by law to fill in a questionnaire revealing details of her Jewish ancestry. It was made law that those with three or four Jewish grandparents could not hold university and other professional posts. As a consequence, in April 1933 Friedemann and several of his assistants were dismissed because they were Jewish, as were many of the doctors in Berlin hospitals at that time. Friedemann went to London to join Henry Dale who had anticipated just such a situation and previously invited him. Both Dale and Friedemann had been students together in Ehrlich's laboratory. Edith escaped dismissal at this time because only two of her grandparents were Jewish. Despite everything she was still convinced at that time that she could remain in Germany.
Edith tells the story of how she came to be dismissed from her post in the hospital. There was at that time a severe diphtheria epidemic and many young people had contracted the disease. However, because of the dismissal of Jewish doctors from the hospital, few doctors were left to treat them. It fell upon Edith to perform a tracheotomy on a youth with diphtheria although before that time she had no experience of the procedure or training in it. However, no other doctor was available and to save the patient's life Edith, with the assistance of a nurse, performed an emergency tracheotomy, drawing on her experience of tracheotomies she had done on anaesthetized animals in the laboratory. No sooner had she saved the life of this young German and returned to her office feeling elated than she was summoned by the administrator of the hospital. Upon appearing before him he said 'Miss Bulbring, we gather from your questionnaire that you are of partly Jewish origin. Therefore we no longer have any use for your services'. The words used had a stark irony: 'Sie werden hier nicht mehr gebraucht' can also mean 'we do not need you anymore' and this coming on top of the heightened tension created by her first emergency tracheotomy, caused Edith to burst into laughter, only to be reminded by the administrator of the seriousness of the situation. Had Edith been less honest in her answers to the questionnaire her Jewish origin might not have been discovered until much later and her future life might have been very different. Had she stayed in Germany she would undoubtedly have been eventually classified racially as 'H albjudin' ('half-Jew ish') which would have prevented her from holding any professional post, although the Halbjuden were not sent to the death camps as were many of Edith's relatives from her mother's side. Thus, Lucie was able to work in Holland as a technician during the War years, although Maud was forced from her academic post in Cologne in 1936. Edith's premature dismissal by an over-zealous administrator, although a stunning rejection for her as she regarded herself as German (her brother had died fighting for Germany), was probably a blessing in disguise. It forced her at an early stage to consider a career elsewhere; had she stayed she might later have found it less easy to step into a professional career abroad.
After her dismissal, Edith went home to Bonn and thought about going to Holland to work with her uncle who was Professor of Medicine in Groningen. However, her sister Maud was planning a holiday in Britain with two friends, a Scottish girl and an English male colleague from the institute where she worked. Edith therefore decided to go with them. She left two or three weeks later. The time seems to have been September 1933. THE MIDDLE YEARS: ENGLAND 1 9 It was the first time Edith had been in England. She travelled with Maud and their two friends visiting the Lake District and viewing many cathedrals in various parts of England. During this time she was thinking that she would continue her career in medicine, rather than as an experimentalist scientist, and planned to join her uncle who was Professor of Internal Medicine in Groningen. At the end of her holiday, and having finally arrived in London, the party stayed in the Lannon Hotel where her mother and father had stayed before World War I. She naturally visited her old chief Friedemann who had been dismissed from his post in Berlin and was now working with Dale in Hampstead in the famous 'F4' laboratory. Edith had been encouraged to read all D ale's papers while in Trendelenburg's laboratory so she knew about the activities of his laboratory very well. When Friedemann suggested she should visit the laboratory, she went along and met Henry Dale who quizzed her about her background and scientific experience before asking her where she would like to work in England. Somewhat surprised at this, as she had not asked for a job, she of course replied she would like to work in his laboratory. As his laboratory was already full of displaced scientists from the continent, Dale phoned J.H. Burn who had recently moved to set up biological standardization laboratories for the Pharmaceutical Society in Bloomsbury Square. Dale recommended Edith to him. Thus, it came about that Edith went to see Bum and was offered a post as his assistant. She took lodgings in Tavistock Square at first, but after Christmas (1933) she moved to others in Regent Square. Later, when Maud came to England to join her, she moved again to Mecklenburgh Square. During the period from 1933 up to about 1938, Edith and Maud travelled frequently between England and Germany without trouble as they, and their mother, had dual Dutch-German nationality. Lucie continued to work in Holland. Later their mother suffered a stroke, but because of official regulations, she could only be cared for by Jewish nurses as she was classified as 'Jiidin'. These of course were not available so Maud went to live with her, Lucie travelling to Bonn from Amsterdam at the weekends. Their mother died in 1938. After that, Edith and Maud moved some of the household effects to England and the family house in Bonn was rented out to Professor Ceelen. During World War II it was badly damaged.
At first Edith's English was by her own admission 'School English'. She set about improving it. She undertook a German translation of Burn's book Biological standardisation published by Springer (see Appendix I). At the same time Burn went to great pains to help her correct her English. Edith's salary was at first £50 a year, later to be increased to £100 a year. Apart from the time she had worked as a clinician in Jena and Berlin, this was the first salary she had received. However, her lodgings were £1 a week so her private income was still important. It allowed her among other things to visit the opera and the theatre.
The first five years of Edith's time in England probably had two important effects on her; she was exposed to a broad spectrum of scientific expertise in the laboratories of the Pharmaceutical Society; also it must have become clear that she was, along with many others, probably destined to spend the rest of her scientific life in England.
The laboratories of the Pharmaceutical Society were primarily concerned with the standardization of hormone and vitamin preparations. This was done by animal tests. A large section of the laboratory was run by Katherine H. Coward whose first edition of The biological standardisation o f the vitamins was published in December 1937. It was necessary for everyone in the laboratory to be familiar with the standardization methods so that they could continue even when the regular personnel were absent. Edith spent some time in Coward's division but also more time working with Burn.
Her publications during the period at the laboratories in Bloomsbury Square can be divided into two groups: those arising from the routine work of biological standardization which describe improved methods for the biological assay of the sex hormones, corticosteroids, growth hormones and organic arsenic and antimony compounds, and those describing experiments on vasodilator fibres in various animal species. This latter work led into studies on tyramine and the mechanism of action of this and other sympathomimetics. The biological standardization work, although it must undoubtedly have broadened Edith's experimental and physiological knowledge, does not seem to have had any lasting impact on her scientific development, which subsequently involved the nervous system and control of muscular contraction.
Work on the autonomic nervous system done during this period was in collaboration with J.H. Bum and a good description is found in his biography (E. Bulbring & J.M. Walker, 30, . Several animal species were examined. It was found that athletic species such as the dog and hare had more highly developed vasodilator responses demonstrable by nerve stimulation of the lumbar sympathetic chain. In the dog they were cholinergic as they were blocked by atropine and potentiated by physostigmine (eserine). In the hare, vasodilator fibres did not seem to be either cholinergic or adrenergic, as atropine was without effect on vasodilation, but it was blocked by ergotoxine which did not block vasodilation to adrenaline. The cat had much less well-developed vasodilator responses (mainly adrenergic), whereas the wild rabbit and rhesus monkey were devoid of them. Investigations were also made into the existence of vasodilator fibres supplying the vessels of the splanchnic region and skin of the dog. An important observation which was made was that vasodilation could be produced either by the action of acetylcholine or, if the vasoconstrictor action of adrenaline was blocked by ergotoxine, by injections of adrenaline. Investigations were also made of the Sherrington Phenomenon. This is a contracture of denervated skeletal muscle which occurs when autonomic nerves supplying its blood vessels are stimulated. It was suggested to be due to acetylcholine released from the vasodilator nerves acting on the hypersensitive skeletal muscle fibres and so it is more pronounced in the dog than in the cat where vasodilator fibres are fewer. Adrenaline, released at the same time as acetylcholine, reduced tension generated by the latter but caused a second, later rise in tension, not blocked by ergotoxine.
Biographical Memoirs o f Fellows o f the Royal Society
The experiments over this period were undoubtedly mainly of B urn's conception with Edith acting as his assistant. They showed that vasodilator fibres may act in two ways (by a cholinergic or by an adrenergic mechanism), and revealed that both acetylcholine and adrenaline could increase the force of contraction of denervated skeletal muscle when released from autonomic nerves; the increase in force produced by adrenaline was not blocked by ergotoxine (i.e. was not via alpha-receptors, although the concept of these was not fully developed until some time later by work of others). A final paper from the Bloomsbury laboratory compared tyramine and adrenaline on the denervated cat nictitating membrane; it was the forerunner of B um 's major contribution to autonomic pharmacology; the idea of uptake and release of noradrenaline from stores (now known to be sympathetic nerve endings) in autonomically innervated tissues. However, in their experiments Bum and Bulbring found that denervation may increase, or may decrease, the response to tyramine. The explanation for these results which can now be suggested is that noradrenaline stores decline with loss of sympathetic nerve endings but hypersensitivity to the release of traces of noradrenaline remaining if denervation is less than complete (or to a small direct action of tyramine) may overcome the loss of sensitivity due to store depletion.
In 1937 Bum was offered the Chair of Pharmacology in the University of Oxford and he invited Edith to move with him to help set up his laboratories there. H.W. Ling also moved with him; he was Burn's technician who had great experimental ability. Edith lived in Oxford for the rest of her life. She first took a house ('Pincio') on Yarnell's Hill to the west of Oxford town, moving years later to Northmoor Road, Oxford, a house which Edith bequeathed to Lady Margaret Hall (Oxford) after her death. She was initially appointed to the post of Departmental Demonstrator, a post she held for many years, being promoted to University Demonstrator and Lecturer only in 1946. Bum was on the governing body of Lady Margaret Hal 1 and arranged for Edith the become a member of the Senior Common Room. She became a member of the British Pharmacological Society in 1936 and the Physiological Society in 1937. From the beginning she was involved in practicals for the medical students although she did not like to lecture. Very soon World War II started and Bum was drawn away from time-to-time on war duties.
The number of staff in the Department towards the end of World War II increased dramatically. During the war time by all accounts Edith was a major force in the Department and together with Ling largely ran the practical classes for students which continued throughout this period. In this they were assisted by Bum when he was present and by various research fellows such as Dawes, Walker and Vaughan Williams who all later became lecturers in the Department. Ing had his Readership at University College London transferred to the Department and began his appointment in 1944. Blaschko was appointed soon after followed by Dawes, Walker (1946) and Vaughan Williams. The Department in the late 1940s was a closely knit group. Bum had argued with the University that catering facilities were essential in the Department and a cook was appointed. Lunch was taken in the library and was sometimes substantial. So began the tradition of the lunch-club which continued long after B um 's retirement. At the beginning Bum presided if he was present; laboratory coats had to be discarded but if someone needed to continue their experiments then food or sandwiches could be carried away to be eaten in the laboratory. After lunch Edith played the grand piano to those assembled often in duet with John Walker, occasionally joined by Gustav Bom on flute in the early 1950s. Lunch-time discussions were open, free, and wide ranging but often focused on the experimental findings of the day. Edith published papers or enjoyed collaborations with many of her colleagues at that time.
During the period between 1940 and 1950, Edith worked with several different collaborators on a variety of diverse problems. She continued her work with Bum who remained her major collaborator, indeed her only one until after 1940. She published three papers with David Whitteridge on the effects of adrenaline on nerve activity, and on sensory receptor discharge in anaesthesia and during pulmonary congestion. Papers with Chou, Wajda, Dawes, Broom and others described methods of estimating the biological activity of atropine-like substances, curare antagonists and local anaesthetic compounds. In 1946 she published one of her best known papers in which she described the rat diaphragm preparation. A segment of the diaphragm muscle was caused to contract by stimulating the phrenic nerve. The preparation was bathed in physiological saline so avoiding any effects due to changes in blood flow which complicate nerve-muscle responses in vivo. This preparation was used by Chou to estimate curare-like activity (1947, Br. J. Pharmac. 1,1-7) and by Bulbring & Chou (1947) to examine anticholinesterases as antagonists of neuromuscular block by tubocurare. Later, with Depierre from Paris, she showed that blockade of transmission through ganglia and to skeletal muscle could be distinguished by th e re la tiv e p o te n c ie s o f tw o s y n th e tic c o m p o u n d s , th e m o n o -and tri-(diethylaminoethoxy)benzene ethiodides. In a further paper with Blaschko & Chou (1949) , she tested again the idea that antagonism of tubocurarine's action by a series of com pounds related to p ro stig m in e (n eo stig m in e) c o rre lated well w ith th eir anticholinesterase activity.
By far the greater part of her work during the period to 1952 was taken up with a preoccupation with the actions of adrenaline, of acetylcholine, and with their interrelations. The ability of adrenaline and related sympathomimetics to improve the contraction of skeletal muscle in response to indirect (nerve) stimulation was investigated. It was found that adrenaline's action was especially pronounced when the muscle was fatigued (the Orbeli effect), indicating, as we are now aware, that adrenaline was facilitating junctional transmission as the potentiating effect of adrenaline on directly evoked skeletal muscle contraction was small. Further work with Whitteridge (alluded to above) probed the effects of adrenaline on conduction in the nerve trunks. A good account of this work is found in Biilbring (1976) . Various anticholinesterases also increased the force of skeletal muscle contraction in response to indirect stimulation and adrenaline potentiated this effect; neostigm ine's action was potentiated more by adrenaline than was physostigmine's. Investigations were also made of the action of adrenaline on transmission of the nervous impulse through ganglia. The secretion of adrenaline from the suprarenal (adrenal) gland was investigated and the conclusion reached that noradrenaline was also secreted, sometimes in appreciable amounts.
Interest in the action of acetylcholine continued as a thread that wove its way through the fabric of Edith's publications over this period. Acetylcholine's effects on transmission in the spinal cord were examined. Every test they did led to the conclusion that acetylcholine was a synaptic transmitter in the spinal cord as it was at the neuromuscular junction and in sympathetic ganglia, although its actions in the spinal cord were blocked by atropine. The effects and interactions of adrenaline and of acetylcholine on the contractions of skeletal muscle evoked by stimulation of the descending motor tracts of the medulla were examined. It was also noted that the isolated excised auricles of the heart which had become quiescent after a long period in saline would begin to beat again if prostigmine or acetylcholine were added in small quantities. The effects of acetylcholine on ciliary movements were also exam ined and a parallelism noted between the ability of the tissue to synthesize acetylcholine and the presence of spontaneous rhythmicity; when synthesis declined, then rhythmicity was lost.
By the end of World War II, Edith was in her early 40s and she was gradually developing the urge to work independently of Burn to whom by 1948 she had been a research assistant for some 15 years. She had investigated more deeply several aspects of the work she had done with Burn and published the results with Whitteridge or with G.L. Brown and Delisle Bums. She published results alone in 1944, using Kibjakow's preparation of the perfused cervical ganglion of the cat, which showed that adrenaline was released during ganglionic transmission and that, if injected, it would facilitate transmission of impulses. This was followed in 1946 by her well-known paper on the rat hemi-diaphragm preparation. Later, in 1949, she published results on the methylation of noradrenaline to form adrenaline in minced suprarenal tissue, a paper much influenced by the presence of Blaschko in the Department. In this work she was the first to show that adrenaline was synthesized from noradrenaline in the adrenal gland and that ATP was necessary for this methylation. Several workers who were attracted to Oxford to work with Bum ended up working with Edith. These included S.R. Kottegoda, Heather Shelley and T.C. Chou. Burn seems to have been reluctant to lose Edith as his assistant and around 1948 stalled on her request to spend time abroad, in the United States. She felt Burn's refusal to allow her request unreasonable although she remained intensely loyal to him.
Edith went to Bronk's laboratory at Johns Hopkins University in 1949 for about eight months. She worked with Larrabee on the effects of anaesthetics on impulse transmission and oxygen consumption in rabbit cervical sympathetic ganglion. Here she learnt the technique of measurement of oxygen tension by means of the polarized platinum electrode which she was later to apply to smooth muscle. She later said that she would have preferred to have worked in Kuffler's laboratory. While in the United States she seems to have attended the Lauretian Hormone Conference in New Hampshire (12-17 September 1949). Edith gave several lectures to various departments on the work she had done with Bum and wrote (typed) long commentaries (which have been preserved) in duplicate or triplicate on the personalities she met perhaps to send back to him. Upon her return to Oxford she began work on smooth muscle. She was 45 years old.
SMOOTH MUSCLE 1 9 The beginning
It is interesting to consider the factors that led to Edith's decision to work on smooth muscle. Her work in departments of pharmacology had introduced her to smooth muscles, as pharmacologists were engrossed by the responses of smooth muscle to autonomic nerves; smooth muscle preparations were commonly used for assays, so much so that smooth muscle had become the province of pharmacologists rather than physiologists who had shown little interest in this tissue. Edith thus had experience of smooth muscles, and they had always exasperated her by their unpredictable nature: 'Using them for assays and always finding them totally incomprehensible; I just could not understand their behaviour: why they would contract one time and relax the next hour to the same dose, at the same temperature, in the same conditions, and so forth. All these things upset me to such a degree that I did not want to work with them in this way anymore unless I understood them .' The lack of fundamental research on smooth muscles had also been noted by others. G.L. Brown had remarked 'I am only too fully aware of the difficulties confronting the electrophysiologist when dealing with cells of the size and complexity of those surrounding the hollow organs, but the paucity of even the most elementary information holds out the promise of rich rewards to the experimenter with sufficient temerity to begin such an investigation ' (Brown 1950 Proc. R. Soc. Lond. B 137, 307) . Electrical recordings from smooth muscle with external electrodes had been made by Bozler whose pioneering work began in the 1930s (1938 J. Physiol. 124, 502-510) . That the time was ripe for microelectrode investigation of smooth muscle is clear from the fact that independently in Germany (Greven), in the United States (Woodbury & McIntyre) and in Britain investigators were attempting intracellular recordings from smooth muscle following the success of Ling & Gerard in manufacturing microelectrodes and the application of this technique to skeletal muscle by Nastuk & Hodgkin (1950 J. cell comp. Physiol 35, 39-74) . Edith was aware of such undercurrents (see her introduction to the book Smooth muscles 1970), and she had visited Ling in Chicago and watched him pulling microelectrodes by hand in the flame of a small gas burner (Ling & Gerard 1949 J. cell comp. Physiol. 34, 383-396) ; this clearly left a deep impression, and she would vividly recall that each time he pulled a pair of electrodes he jumped in the air.
Upon her return from the United States in 1950, Edith decided she would set up to work independently of Bum, and tackle the problem of smooth muscle.
Her first published work was on oxygen consumption by smooth muscle of the taenia of the guinea-pig caecum using techniques she had learnt in America with Larrabee. In her paper (1953) she called the tissue 'taenia coli' a misnomer still frequently used. She described it as 'a narrow strip of longitudinal muscle found on the surface of the colon'. It turned out that the 'colon' mentioned here was actually the caecum which is large in the guinea-pig (see illustration in Bulbring 1955, which shows haustra that are absent in the colon) and has three taeniae: the colon has only one which represents the thickened edge of a more continuous layer of longitudinal muscle (see also Bumstock, Campbell & Rand 1966 J.Physiol. 182, 504-526) . It is interesting to note that Bozler (1938 J. Physiol. 124, 502-510) before her had made electrical recordings but with external electrodes from 'tenia [sic.] of the colon o f the guinea pig'; no detailed description of the source of this smooth muscle is given in his 'M ethods'. Using the polarographic method she showed that oxygen consumption parallelled tension development under most conditions but not if shortening was allowed. However, Edith always had the aim to try to record from smooth muscles with microelectrodes. As she knew nothing about electronics, she persuaded Miles Vaughan Williams to construct a differential cathode follower D.C. amplifier, with which she and Vaughan Williams demonstrated the resting membrane potential of taenia at the Oxford meeting of the Physiological Society as an 'additional demonstration' not on the programme. When Vaughan Williams went to the U.S.A., she sought help from a physicist, I.N. Hooton. Together they attempted to record intracellularly the membrane potential of the cells of the rabbit's sphincter pupillae with glass microelectrodes. In Edith's early experiments, microelectrodes for use on smooth muscle were initially pulled by hand but later a mechanical, spring-loaded, microelectrode puller was used which raised the glass tubing away from the heated platinum filament as the tubing softened and was drawn out. The 'rising puller' was used to pull microelectrodes for some 25 years in Edith's laboratory and was adopted by all her co-workers who used microelectrodes. Later on it was succeeded by more sophisticated electrode pullers. Bulbring and Hooton (1953) described using these microelectrodes how a scattered distribution of membrane potential readings were obtained which had a plateau between 60 and 70 mV (-60 and -70 mV according to present convention). The rabbit's iris was chosen because it was quiescent, but it was extremely fibrous and difficult to penetrate with microelectrodes.
After this work, Edith began attempts at recording the membrane potential of the spontaneously active guinea-pig taenia by microelectrode. Initial experiments with Miles Vaughan Williams had been abandoned while the work on a quiescent smooth muscle, the rabbit iris, was done. In the taenia the membrane potential was found to be about -60 mV, or less negative if the muscle was stretched. Spontaneous spikes (action potentials) were seen but these were small (and later work suggests that they were attenuated by the recording technique). Acetylcholine and histamine, which contract the muscle, caused depolarization and an increase in spike frequency; adrenaline which relaxes the muscle, hyperpolarized it and caused slowing or disappearance of spike discharge. In a paper in the following year (1955) Edith more systematically investigated the relation between membrane potential, frequency of spike discharge, and tension. Full-size action potentials were still not recorded but the essential features of the electrical activity of a spontaneously active smooth muscle were established along with those of the responses to stimulant and to inhibitory substances. Around this time others were studying the electrical activities of various smooth muscles with microelectrodes: Greven (1953 Zeit. Biol. 106, 1-15) seems to have made the first report and in the United States, Woodbury & McIntyre (1954 Am. J. Physiol. 177,355-360) were also working. In none of these early experiments was the full size of the action potential recorded.
The group
In 1953 Edith was joined by Gustav Bom who at first also worked part-time with Geoffrey Dawes. Bom had previously worked in the Pathology Department at Oxford and moved to Pharmacology to work with Dawes. His arrival began a pattern of collaboration for Edith, and the beginning of her smooth-muscle group. Only a few of the early members of the group, such as Kottegoda and Lin, originally intended to work with Burn but ended up working with Edith. The publication of her early papers on smooth muscle attracted many visiting workers to Oxford by the possibility of working with her, and this allowed her to build up a large and flourishing research group starting with Mol lie Holman and Heinz Liillman who arrived in 1955. She developed a great talent for obtaining funding for her group, and was supported by the Research Councils, charities, the American Navy, drug companies and industry. She had an arrangement with a Japanese electronics company to supply her with a series of electronic technicians in return for giving them the opportunity of learning English, and doing some servicing of their equipment in England. She rarely refused to accommodate anyone who genuinely wanted to join her group, and her attitude to her co-workers was interesting. As long as she respected them, she treated her colleagues as independent scientists and did not interfere with their work unless it was necessary. She encouraged people to bring in new techniques and develop their own skills. She offered continuous interest, was anxious to know about results, and gave constructive criticisms of written papers, but she expected her colleagues to publish independently, and never considered putting her name on a paper unless she had done a significant amount of the experimental work. There were not many, in fact, with whom she actually collaborated experimentally and she could only tolerate working with people who were as quick and positive as she was. During the 17 or so years when she headed it, her group published 200 or more papers of which Edith was single author of 11%, co-author of 30% and did not appear as an author at all on 59%. (Papers published in this latter category are given in Appendix II on the accompanying microfiche.) In many respects her immense reputation came from and through her co-workers. Some 40 scientists worked within her group during this period, only seven from Britain. Twenty-six of her colleagues were or became chairman of their own departments, or came to hold personal chairs. This remarkable track record could reflect her ability to pick promising people, but the willingness with which she would allow people to join her group suggests that her great talent lay rather in giving people the right environment in which to develop their own abilities.
Knowledge o f smooth muscle was advanced on several fronts by Edith and her group during the period up to her retirement in 1971 and for some ten years subsequently but at a slower pace. The electrical properties of various tissues were investigated; the passive 'cable' properties of smooth muscle strips and the electrical interconnections of the cells were definitely established following Bozler's (1948 Experientia 4, 213-218) earlier postulation o f this. The electrical discharges of several smooth muscles were systematically investigated and the contributions of various ion species to this were suggested. The actions of both excitatory and inhibitory transmitters were studied and their effects on the permeability to various ion species investigated. Fluxes of the common ion species across the smooth-muscle membrane were measured and related to membrane permeability; accurate estimates were made of extracellular space and of internal ion concentrations. Responses to nerves were investigated, including the control of the peristalsis reflex and the role of 5-hydroxytryptamine (5-HT, serotonin) in this. The early work on metabolism and oxygen consumption was followed up and changes in ATP, creatine phosphate and phosphorylase activity in relation to the action of adrenaline examined.
Metabolism
The metabolism of the smooth muscle of the taenia was an early preoccupation of Edith's (1953) . Her metabolic work on the taenia in collaboration with Bom broke new ground. They found that dinitrophenol stimulated and then depressed (with higher concentrations) tension and oxygen consumption. Bom continued his work on taenia independently (1956) showing that, during anoxia or after removal of glucose from the bathing solution, tension and creatine phosphate levels fell but ATP levels were maintained, or fell only slightly. Interest in dinitrophenol (DNP) (Bom & Bulbring 1955 , Bulbring & Lullman 1957 was followed by attempts to relate the inhibitory action of adrenaline on taenia to a metabolic effect via phosphorylase (Axelsson & Bulbring 1961 , Axelsson, Bueding & Biilbring 1961 . However, this was not supported by later work (Bueding, Bulbring, Kuriyama & Gercken 1962 ) the action of adrenaline depending on the generation of energy-rich compounds (Bueding & Bulbring 1967 , Bueding, Biilbring, Gercken, Hawkins & Kuriyama 1967 . Adrenaline was shown to reduce oxygen consumption by smooth muscle of taenia but only if spontaneous mechanical activity was present. This was a return by Bulbring & Golenhofen (1967) to the problem investigated by Edith in her first smooth muscle paper in 1953.
The electrical activity o f smooth muscles and their passive electrical properties
The first work done by Edith herself established that smooth muscle had a membrane potential and that the taenia discharged action potentials. This work was followed by that of Holman, working under Edith's tutelage. Holman (1957 Holman ( , 1958 began to investigate systematically the effects of the concentrations of sodium and potassium in the bathing solution on the electrical activity of taenia. Her records were the first to give what is now regarded as a true picture of the electrical activity of taenia muscle with action potentials up to 75 mV in size with overshoot arising from a fluctuating membrane potential in the region of -55 mV. This work (1957) gave the first inkling that the action potential in smooth muscles might not be sodium-based. No changes were seen in spike height or configuration in 17 mM external sodium (11% of normal). However, spike discharge stopped in sodium-free solution which confused the interpretation at this stage, as direct electrical stimulation of the muscle to evoke spikes was not tried. Later Brading, Bulbring & Tomita (1969) used direct stimulation and revealed the definite presence of a calcium-rather than a sodium-based action potential. H olm an's work also revealed that spike size in spontaneously discharging smooth muscle could be more variable than in nerve, cardiac and skeletal muscle.
The electrical activity of several smooth muscles besides the taenia caeci was investigated by members of the group over the years. Bumstock introduced the 'sucrose-gap apparatus' (Bumstock & Straub 1958) as a method of simultaneously recording the tension and electrical activity of a small region of a smooth muscle strip. Later, as the 'double sucrose-gap', it was a method favoured by Edith herself to study the ionic basis of electrical activity and of the responses to drugs. Together with Edith, Bumstock and Holman investigated the conduction of excitation in taenia. Conduction velocity of spikes was measured, slow waves and their relation to action potentials were observed. Excitability and conduction were found to occur independently of nerve participation and they concluded that electrical transmission occurred between smooth muscle cells.
Among those who worked in Edith's group but published their work independently, were Axelsson (1961) who examined the effects of sodium-deficient and sodium-free solutions on the electrical activity of taenia but in the sucrose-gap apparatus, and Kuriyama (1963) who repeated Holman's earlier experiments on taenia investigating particularly why the relation between the membrane potential and the potassium concentration of the bathing solution was less steep than would be predicted from the Nemst equation. In a companion paper Bulbring & Kuriyama (1963) examined the role of calcium and also observed the effects of barium and magnesium. Electrical recordings were made from arterioles of guinea-pig mesentery by Speden (1964) and from uterine smooth muscle by Casteels & Kuriyama (1965 , 1966 . Curiosity in the inability of intracellular, as opposed to extracellular, polarization of the cells to evoke a spike (Kuriyama & Tomita 1965) led to a more systematic approach to an understanding of current spread in smooth-muscle tissue on the basis of cable properties by Tomita (1966a , Abe & Tomita 1968 and further investigations by him of the biophysical properties (1966&, 1967a, , 1969) . Brading, Bulbring & Tomita (1969) examined the effects of temperature and in a companion paper finally stated what had been inferred from earlier work in the laboratory that the spike in taenia was calcium-rather than sodium-based. Attempts to extend this to the rat uterus (Abe 1971) were somewhat unfortunate, as this tissue is now known to have an appreciable sodium contribution to the spike. In later years, electrophysiology of smooth muscles was continued in Edith's laboratory by Ohashi (1970a, b) who studied the contribution of the chloride permeability to the resting and action potential of uterus and by Bolton (1973) who examined the contribution of the electrogenic sodium pump to the resting membrane potential of longitudinal muscle of small intestine. Shuba (1977a) 
Analysis o f drug and transmitter action on smooth muscles
It is probably true that Edith's primary interest was in how transmitters produced their effects on smooth muscles -particularly how adrenaline acted sometimes to stimulate and on other occasions to inhibit smooth-muscle tension -and this was the reason why she investigated the mechanisms of the electrical activity. Her investigations were ably assisted by many collaborators. In her earliest papers on taenia (1954, 1955, 1957) she had applied acetylcholine and adrenaline as a means of altering tension and excitability and used microelectrodes to measure electrical activity. More systematic investigations were made later (Bulbring & Kuriyama 1963) . In these papers the effects of stretch were investigated. Bumstock (1958a) examined the action of acetylcholine using the sucrose-gap apparatus demonstrating the usefulness of this technique in which electrical and mechanical activity could be followed continuously for much longer periods than with microelectrodes. Bumstock (1958&) also investigated the effects of dinitrophenol, rekindling interest in the relation between metabolism and excitability. Bumstock & Biilbring (1960) used the same technique to investigate the electrophysiological changes associated with tachyphylaxis. After a lull, Edith's interest in adrenaline's action revived later with the development of the 'double sucrose-gap apparatus' which she developed with Tomita. This allowed injection of current across one sucrose gap, and recording of potential across the other, so that changes in the membrane conductance could be measured during drug application. Three papers with Tom ita w ere published in 1969 on taenia. In these it was concluded that the hyperpolarization of the membrane seen upon application of adrenaline to taenia, and associated with relaxation, was caused by increase in the permeability to potassium and to chloride. It was also observed that calcium had an important 'permissive' effect which could not be exerted by barium. These findings have proved to be remarkably correct as it is now believed that alpha-adrenoreceptor activation opens calcium-activated potassium and calcium-activated chloride channels in many smooth muscles. Later work with Szurszewski (1974) investigated the alpha-adrenoreceptor stimulant action on guinea-pig myometrium. An enigma nicely stated by Edith (1976) was that inhibition of smooth-muscle tension in taenia mediated by alpha-adrenoreceptors is associated with marked hyperpolarization whereas inhibition by beta-adrenoreceptors is not; or at least the hyperpolarization is much less impressive and in some preparations may be absent altogether (Bulbring & Tomita 1969) . Her paper with den Hertog in 1980, published when she was 76 years old, probed the mechanism of the beta action. The stimulant action of acetylcholine on taenia was not further investigated in later years but its action on uterus was (Bulbring & Szurszewski 1974) . Bolton (1972) working in her group had suggested that muscarinic receptor activation opened cationic channels in longitudinal muscle of small intestine, a conclusion also reached for myometrium by Bulbring & Szurszewski (1974) who added that there might also be a release of sequestered calcium from within the cell. They also studied the excitatory action of noradrenaline on the myometrium and demonstrated that, in contrast to acetylcholine, the noradrenaline-induced depolarization was associated with an increase in chloride permeability.
Ionic content and ion fluxes
The measurement of the fluxes of ions was introduced as a method of investigating the permeability of the membrane and the effects of receptor activation by Bom & Bulbring (1956) who studied the movements of 42K. They found that histamine or acetylcholine increased 42K loss whereas adrenaline accelerated its inward movement. Spontaneous activity or stretching increased K loss also. Little further interest in the technique was shown within the group until the arrival of Goodford who published extensively with Hermansen, Freeman-Narrod, Buck, Bauer, Huter and Leach during the period 1960-67. Goodford, however, published only one paper with Biilbring although his work laid a sound basis of our understanding of the distributions of sodium, potassium and chloride between the interiors of smooth muscle cells and their surrounding environment. Some important and puzzling observations were made: although it was believed that the potassium permeability of the resting membrane was higher than that of any other ion species (so largely giving rise to the membrane potential), Goodford & Hermansen (1961) found that the exchange across the cell membrane was much more rapid for sodium than for potassium. Estimates of internal sodium and potassium concentrations allowed calculation of the equilibrium potentials for these ions, a knowledge of which was important for understanding and interpreting the electrophysiological experiments done by others in the group. Further work identified a component of inexchangeable (or very slowly exchanging) sodium within the cell (Goodford 1962), and Freeman-Narrod & Goodford (1962) in a companion paper showed the effects on sodium and potassium distribution that could be expected during dissection of smooth muscle after its removal from the body (see also Bauer, Goodford & Huter 1963 Nature, Lond. 200,1104 -1106 . The chloride content of smooth muscle was examined also (Goodford 1964) . At this point Casteels arrived in the group and worked closely with the electrophysiologists. In the uterus it was possible to show that the potassium, sodium and chloride concentrations within the cell did not change as the membrane potential altered during pregnancy, implying a progressive change in ion permeability during this period (Casteels & Kuriyama 1965) . In this work, use was made of ethanesulphonate which had earlier been shown by Goodford & Lull man (1962) to be almost impermeant. Investigations of 45Ca movements across the smooth muscle membrane were continued abroad in Mainz, Germany and in Jackson, Mississippi, U.S.A. (Bauer, Goodford & Huter 1965 , Goodford 1965 . Casteels & Kuriyama (1966) showed that chloride was not passively distributed in taenia. Casteels (1966) went on to investigate the action of ouabain on the electrical activity and ion content of taenia. The action of adrenaline was also investigated on 42K fluxes into and from smooth muscle strips (Biilbring, Goodford & Setekleiv 1966 ) from which it was concluded that adrenaline increases potassium permeability, confirming conclusions reached by Jenkinson & Morton (1965 Nature, Lond. 205,505-506) . In the cat myometrium during pregnancy the response to adrenaline (which acts on both alpha-and beta-receptors in this muscle) changes from inhibitory to excitatory. This was explained by the increase in chloride content which was observed (Biilbring, Casteels & Kuriyama 1968) . Setekleiv remained in Oxford to work with Brading on the effects of hypo-and hyperosmotic solutions on volume and ion distribution in smooth muscle (Brading & Setekleiv 1968) . The effects of anions on volume were investigated by Brading & Tomita (1968) . Work on ion fluxes was continued by Brading (1971) , and cobalt EDTA was investigated as a suitable extracellular marker (Brading & Jones 1969) .
Nerve-evoked responses and peristalsis
Interest in peristalsis and its nervous control extended over many years. An early theme was the role o f 5HT in peristalsis in the small intestine (Bulbring & Lin 1958) . 5HT was detected in the lumen of the intestine in increased amounts during contractions. When introduced into the lumen it stimulated receptors and reduced the pressure threshold which triggers a peristaltic contraction. Applied to the serosa it first stimulated contraction and then inhibited it (Bulbring & Crema 1958) . It was suggested that the mucosa contained sensory neurons which extend processes to motor neurons innervating the muscle coats (Bulbring, Lin & Schofield 1958) . 5HT was observed to have similar effects in the large intestine (Lee 1960). 5HT was also detected upon stimulation of nerves to the mouse stomach and it was suggested that it may be a transmitter in that organ (Biilbring & Gershon 1967) . Further studies were done by Kottegoda (1969) who suggested that the innervation of the circular and longitudinal muscle layers is such that the two muscle coats do not contract simultaneously and that contraction of one is associated with relaxation or inhibition of contraction of the other.
More detailed investigations of the effects of nerve activity were made using microelectrode recording or sucrose-gap method by other members of Edith's group. They began with Kuriyama (1963 Kuriyama ( , 1964a who described the excitatory junction potential (e.j.p.) in m s deferens. Speden (1964) made studies of e.j.ps in small arteries of the guinea-pig mesentery. Facilitation of transmission to the vas deferens was studied by Bumstock, Holman & Kuriyama (1964) and the effects of various stimulants on neurotransmission by Sjostrand (1973a, b) . Campbell (1966) investigated the inhibitory fibres of the guinea-pig stomach and Gershon (1967a, b) investigated the site of action of sympathetic transmitter released by nerve stimulation on gastrointestinal movement. Experiments were also done by Edith in collaboration with Tomita (Bulbring & Tomita 1967) on the non-adrenergic non-cholinergic nerves of the taenia.
Edith as a person
Edith's friends and close colleagues remember her with great affection for the warmth, keen interest and whole-hearted generosity with which she treated them. Some people outside her intimate circle found her formidable, unapproachable and on occasions decidedly lacking in sensitivity. She had great loyalty to those she had 'taken on' in any way, but did not feel obliged to spend time and effort on others. It never occurred to her that her fame in her later years carried any obligation to others, or that many people wanted to meet her. If she was uninterested in someone, then she could appear appallingly rude, but this was because she genuinely could not see that she mattered to them, any more than they mattered to her. On the other hand, if you were one of 'her people', then she took you on, lock stock and barrel, including your friends, relatives (however unsuitable), and particularly any associated children. 'Her people' included not only scientific colleagues and Fellows from her college, but builders, gardeners, technicians, refugees, musicians, artists, surgeons, doctors and distant relatives; anyone, in fact, whom she had got to know and liked. People were welcome in her house at any time, invited there frequently, given beds for the night, excellent food and wine, a sympathetic ear, money if they needed it, and for the younger ones advice and encouragement and genuine interest in their problems.
In appearance Edith was not distinguished, being of medium height and build. In early photographs she looked decidedly plain, her clothes rather dowdy and her medium brown hair was pulled severely back into a bun. One would have supposed that she was quiet and unassuming, but her contemporaries do not remember in that way; they remember her vivacity and enthusiasm and not her appearance. Later in life she became progressively more attractive and feminine in appearance. She cut her hair short, and had it permed into an attractive easy style that suited her, and developed a keen interest in fashion. She liked to look nice, and to be complimented on her appearance.
Everyone who knew her would agree that Edith had a strong personality. She was a very positive person, and it is difficult to remember any instance in her later years in which she showed indecisiveness. It seems likely that much of her positive character was encouraged at home, as the youngest and the most obviously talented of the children. Letters written by a Swiss governess who looked after the children for two years, were sent later to Edith, and revealed that at a young age she was extremely mischievous and wilful. Certainly in later life she showed many of the characteristics of people that are accustomed to getting their own way. Usually her great common sense ensured that her way was often the right one, so there were not too many conflicts, but most of her colleagues can remember her immense frustration when what she wanted turned out not to be possible. Luckily she had a well developed sense o f humour, and the sunny side of her character was never eclipsed for long.
At the tim e o f her death, most physiologists and pharm acologists would have acknowledged her as being the most influential smooth-muscle physiologist in the world. It is interesting to examine what led to this reputation. It should be remembered that early in her career she had doubts about being good enough to become a full-time research scientist. When she did take up research, she stayed under the wing of Bum for a surprisingly long time before branching out on her own. Her best assets were her experimental skills which were considerable, keen powers of observation, and a genuine interest in smooth muscle which she found a continuously fascinating tissue. She also knew what she was good at, wrote beautifully and gave memorable papers at scientific meetings. Her enthusiasm made her an excellent teacher, but she always refused to become a tutorial fellow, knowing that it would take too much time from her research, and confined her teaching to practical classes at which she excelled, and to the occasional lecture. She was an impressive surgeon: her technique was to lay open the field and make certain everything was clearly displayed before she did a particular procedure. She had a fine eye for anatomical relation and detail, and worked with accuracy and perception. When she was doing physiological or pharmacological experiments, each one was an adventure for her, and although starting with a plan, she was extremely flexible, and any interesting observation was immediately followed up, regardless of the original idea. She was less enthusiastic about the repetitive experimentation required to substantiate an observation, being eager to get on with the next idea. She hated problems with her apparatus, and delay due to poor technical assistance or preparation. However, she could be extremely tenacious as, for example, during her struggles to obtain intracellular recordings from the rabbit iris when none of the experts at the time were willing to bet on her success.
Probably her main strength was genuinely wanting to know about smooth muscle, and being prepared to tackle a tissue which had so many difficulties associated with it that the more ambitious scientists avoided it, and turned to easier preparations. Edith was not ambitious in this way, and was always somewhat surprised at her own success and reputation. She felt that many of her co-workers were intellectually her equal or superior. It was certainly true that in some respects she lacked breadth of knowledge -mathematics and chemistry were two areas where she was inexperienced -and even in physiology and pharmacology her strength was very much limited to the area of smooth muscle and the autonomic nervous system. She kept an eye on other areas largely to make sure she did not miss possible approaches that would advance her understanding of smooth muscle, and she was sufficiently adaptable to learn new techniques and approaches when they looked promising. However, when she was well established in the field, she tended to get other people to follow promising approaches, rather than tackle them herself. What she had to offer was her experience, enthusiasm, and the facilities of her laboratory. She was also very good at getting funding for anyone she wanted, but after they had come and got started, she left the majority of her co-workers to their own devices experimentally.
Outside her scientific career, Edith continued to love music, and would often play one of her two grand pianos, and accompany friends who were instrumentalists as she had in the early days under Burn in the Pharmacology Department, when music used to be made in the library where there was a piano. Opera was a particular favourite of hers, and every year she attended the Glyndeboume travelling company performances when they visited Oxford, and the Welsh National Opera. She also attended concerts, and enjoyed the theatre. She was interested and knowledgeable about art, and greatly enjoyed travel and the opportunity of visiting famous art galleries and churches. She was particularly fond of Italy, where she loved Tuscany and Umbria.
On the domestic front, Edith was a home-builder. Her house in Northmoor Road was built to her specification. A friend spotted the plot of land and pointed it out to her. She was attracted by the location and the walnut tree, and set out to discover who owned it. She learnt that the freehold was held by St John's College, and that the leaseholder was a woman who had turned down an approach by St John's to buy back the lease because they wanted to build garages there. She was happy to sell the lease to Edith to build a house there. Edith then persuaded St John's College to sell her the freehold. The house she built was light, airy and modem, and the rooms big enough to house some of the Dutch furniture that she brought from the family home. There was an extensive living area facing the garden that could be divided by screens into three rooms, but was normally kept as a single space. It easily housed the two grand pianos at one end, had a comfortable sitting area with an open fire in the middle, a dining section at the other end with a hatch into the kitchen, and a wall made of french windows, which when opened created a continuous space with the garden. Gardening was another interest, and was pursued with pleasure. Her garden was full of flowers and roses, and the house and its upstairs balcony were covered with climbing roses, pruned masterfully each year by Edith. Inside, the house was also kept full of plants and flowers. Edith lived initially at Northmoor Road with her sister Maud, but a few years after the move Maud died of cancer. In 1965 she was joined by her sister Lucie. Edith was very hospitable, and loved to entertain her friends. The members of her laboratory used to meet each week for sherry, and any excuse was used for a dinner party. She was an excellent cook, and found her college a good source of her favourite German wines. She liked to serve German cakes and 'Torte', and found that 'Palms', a delicatessen in the covered market, would provide these and the continental cold meats which she enjoyed for lunch.
Edith would have said she had had a good life. She certainly got enormous satisfaction from her work and from her friends, and in spite of having been a German in England during World War 13, and being a woman in a career that was predominantly followed by men, she said she never felt that she had been discriminated against in England either on grounds of race or gender.
Most of her life Edith was very healthy. She had an accident on her bicycle early on in Oxford, seriously damaging her ankle. She acquired one of her life-long friends through that, Professor Trueta, the Nuffield Professor of Surgery, an amazing and famous Spaniard who operated on her ankle, and saved it from amputation. Although a successful piece of surgery, she lost much movement of the ankle, and later in life had particular trouble with the circulation to her foot. This was compounded by atherosclerosis, which eventually led to the amputation o f that leg below the knee, and then later to angina, minor heart attacks, and problems of circulation to her remaining foot. Before the amputation, she resigned herself to permanent life in a wheelchair, and had a lift installed in her house to give wheel-chair access to the first floor. She also converted the loft into a small self-contained flat in case she needed a resident hom e-help. The am putation was not entirely straightforward. It was preceded by an attempt at a venous graft to improve the circulation, but which became occluded within a couple of days, and then after the amputation the stump needed extra surgery. She found British artificial limbs were unsatisfactory, so she finally had a good prosthesis made in Switzerland, and rapidly abandoned the wheel-chair and the lift and, soon after, even the sticks. She had adaptations made to her car and after a few months most people would never have guessed she had had an amputation. She was by then well into her 70s.
Edith did not let her first amputation alter her life greatly. She still worked most days in her office in the Physiology Laboratory (to which she moved after retirement in 1971), travelled and attended meetings. However, her sister Lucie was progressively deteriorating. She had had a brain tumour diagnosed many years previously, while still in Holland, but it was thought inoperable. In the event it was benign, but grew slowly during her life. She gradually started to find speech difficult, and then reading, and finally had problems dressing and was liable to fall. It became clear that Edith could not cope with her alone, and she was lucky in finding Molly Piggott to live in her house, and help with Lucie. Finally Lucie had to go into a home, but Edith was persuaded to keep Molly on to help her in the house as by that time she had had her amputation.
Unfortunately the atherosclerosis continued to develop, and caused problems with Edith's heart; she had angina, and the circulation to her remaining leg became progressively deficient. In spite of her enormous courage after the first operation, and the convenience of her house and domestic arrangements, Edith could never come to terms with a second amputation and the inevitable immobility that would result from it. Instead, over her last two years she tried every treatment available to increase the circulation to her leg, culminating in her final operation, an attempt at a venous graft which she knew would be highly risky and would most probably fail. Before the operation she spent some months getting her affairs into order. Her Dutch friends and relatives came to visit her, and she made time for all her friends in England. She finally went into hospital at the end of June, well aware that she was unlikely to survive. The graft was successfully made, but she had multiple emboli which affected her heart and probably caused her minor strokes. She died in Oxford three days later on 5 July 1990 at the time of the 11th International Congress of Pharmacology in Amsterdam where the announcement of her death was made to many of her assembled friends and colleagues from all parts of the world.
Achievements
During the period from the mid-1950s onwards Edith's reputation grew rapidly, and in 1958 her work on catecholamines and on smooth muscle led to her election to the Royal Society. Bum retired in 1959, and W.D.M. Paton was elected to the Chair in Pharmacology in Oxford. Paton was happy to let Edith flourish within his Department, and to provide her with adequate space for her group. She continued to play an important role in the teaching of pharmacology to the medical students, and actively encouraged her group to demonstrate in the extensive practical class which was run by the Department. In 1960, she was given an ad hominem Readership by Oxford University, and in 1967 she was promoted to an ad hominem Professorship.
Her success as a scientist received widespread recognition. She was awarded honourary d e g re e s in G ro n in g e n , L eu v en and H o m b u rg S a a r, and w as a w a rd e d th e Schmiedeberg-Plakette of the Deutsche Pharmakologische Gesellschaft in 1974, and the Wellcome Gold Medal in Pharmacology in 1985. She served on the Committee of the Physiological Society, 1971 Society, -1975 , and was elected an honourary member in 1981. She was also an Honourary Member of the British Pharmacological Society, the Deutsche Physiologische Gesellschaft and the Pharmaceutical Society of Turin.
After her retirement in 1971, Edith was offered a small laboratory and office in the Physiology Laboratory by David Whitteridge, who held the Chair in Physiology in Oxford. This courtesy was also extended to her by Colin Blakemore, who succeeded to that Chair after Professor W hitteridge's retirement. For some years Edith continued to do active research. Shuba, Tomita, Vassort and den Hertog all visited and worked with her during this period. She maintained close connections with the Pharmacology Department, and the work on smooth muscles that was being done there. She was also able to finish several papers, and write reviews. The second Smooth muscle book which was published in 1981 benefited from a considerable editorial input from Edith as well as her own contribution on adrenergic mechanisms.
Edith's contributions to smooth-muscle physiology and pharmacology were immense. The American, Bozler, began interest in smooth muscle as a type but Edith seized upon it with the result that, over a growth phase of about 20 years, smooth-muscle research became a burgeoning area. Numerous laboratories around the world took up the subject; the majority were led by former co-workers of Edith who had spent time in her laboratory in Oxford; they were her children and she took as great an interest in their progress as would any parent. In due course even more numerous scientific 'grandchildren' were conceived in these laboratories. Her work and that of her collaborators paved the way for the present era of the single cell, and laid the foundations upon which present cellular investigations of smooth muscle are based. 
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